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/HSWLQ *KUHOLQ DQG 71)Į EHIRUH DQG DIWHU +\SRFDORULF 7UDGLWLRQDO
&KLQHVH 'LHW DQG $XULFXODU $FXSXQFWXUH
) ,SSROLWL  $ /LJXRUL  ) 3HWWL  1 &DQLWDQR  	 6 5XJKLQL 
 'HSDUWPHQW RI ([SHULPHQWDO 0HGLFLQH DQG 3DWKRORJ\ &KDLU RI ,PPXQRORJ\ /D 6DSLHQ]D 8QLYHUVLW\ 5RPH
,WDO\
 ,,OHYHO 0DVWHU LQ $FXSXQFWXUH 7HFKQLTXHV /D 6DSLHQ]D 8QLYHUVLW\ 3DUDFHOVR ,QVWLWXWH 5RPH ,WDO\
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2EHVLW\ LV D FRPSOH[ HPHUJHQW SUREOHP ZKLFK
FDQ EH SRVVLEO\ VROYHG QRW RQO\ E\ WKH GLHW EXW
DOVR E\ WKH OLIH VW\OH DQG SURPRWLRQ RI D FRQVWDQW
SK\VLFDO H[HUFLVH   1R GRXEW FDUHIXO DWWHQWLRQV
PXVW EH JLYHQ WR WKH QXWULWLRQDO FRQGLWLRQ RI
REHVH SHRSOH WKH GLHWDU\ KDELWV WKH VRPDWLF EXLOG
LH GLVWULEXWLRQ RI IDW PDVV DQG WKH RUJDQLF
IXQFWLRQV OLQNHG WR IRUPDWLRQ RI WKH IDW PDVV $OO
WKH SDUDPHWHUV VKRXOG EH FRQVWDQWO\ PRQLWRUHG
EHIRUH GXULQJ DQG DIWHU D GLHW WUHDWPHQW   
,QVLGH WKH VFLHQWLILF GHEDWH DGGUHVVHG WR WKH
GHILQLWLRQ RI GLHWHWLF SURWRFROV IRU ZHLJKW H[FHVV
WKH SUHOLPLQDU\ REVHUYDWLRQDO UHVHDUFKHV UHSRUWHG
LQ WKH OLWHUDWXUH XQGHUOLQH WKH YDOLGLW\ RI K\SR
FDORULF GLHWV GHULYHG IURP WUDGLWLRQDO &KLQHVH
PHGLFLQH VKRXOG EH PHQWLRQHG  ,Q SDUDOOHO DQ
REVHUYDWLRQDO VWXG\ KDV EHHQ FRQGXFWHG DW D
XQLYHUVLW\ OHYHO DQG UHSRUWHG DW WKH ,; 1DWLRQDO
3XEOLF +HDOWK &RQIHUHQFH LQ 5RPH LQ 
0RUHRYHU D UHFHQW FRPPXQLFDWLRQ  FRPLQJ IURP
D XQLYHUVLW\ VRXUFH GHPRQVWUDWHV WKDW WUDGLWLRQDO
&KLQHVH GLHW KDV D VORZLQJGRZQ HIIHFW RQ JDVWULF
HPSW\LQJ ZKLFK LV DFFHOHUDWHG LQ SDWLHQWV
DIIHFWHG E\ ZHLJKW H[FHVV
7KH K\SRFDORULF GLHWV GHULYHG IURP WUDGLWLRQDO
&KLQHVH PHGLFLQH DGRSW SHFXOLDU QXWULHQWV DQG DUH
ULFK LQ YLWDPLQV PLQHUDOV DQG HQ]\PHV 
6LQFH VXFK SUHOLPLQDU\ UHVHDUFKHV    VKRZ
EHWWHU UHVXOWV RQ ZHLJKW ORVV WKDQ WKH UHVXOWV RI
:HVWHUQ K\SRFDORULF GLHWV UHSRUWHG LQ OLWHUDWXUH
LW VHHPV XVHIXO WR YHULI\ WKH YDOLGLW\ RI WKH K\SR
FDORULF WUDGLWLRQDO &KLQHVH GLHW FRPSDUHG ZLWK D
VWDQGDUG K\SRFDORULF GLHW
2EHVLW\ WKH YLVFHUDO REHVLW\ LQ SDUWLFXODU LV
VXUHO\ DVVRFLDWHG ZLWK WKH FDUGLRYDVFXODU GLVHDVHV
DQG LV UHODWHG WR PDQ\ IDFWRUV WKDW PD\ LQGXFH WKH
G\VPHWDEROLF V\QGURPH
0RUH DQG PRUH HYLGHQFH VXJJHVWV WKDW WKH IDFWRUV
RI WKH G\VPHWDEROLF V\QGURPH LQFOXGLQJ WKH
YLVFHUDO REHVLW\ DUH DVVRFLDWHG ZLWK DQ LQIODP
PDWRU\ VWDWH LQ D FHUWDLQ GHJUHH
,QGHHG WKH YLVFHUDO IDW LV D VRXUFH RI VHYHUDO
PROHFXOHV VXFK DV OHSWLQ DGLSRQHFWLQ 71)Į
DQG ,/ DOWRJHWKHU FDOOHG DGLSRNLQHV $OO RI
WKHP PD\ LQGXFH D SURLQIODPPDWRU\ VWDWH ZLWK
DQ HQGRWKHOLDO DQG R[LGDWLYH GDPDJH OHDGLQJ WR
LQLWLDWLRQ DQG SURJUHVVLRQ RI DWKHURVFOHURVLV
$Q LPSRUWDQW UROH RI HQHUJHWLF UHJXODWLRQ KDV
EHHQ UHFHQWO\ DVFULEHG WR JKUHOLQ D VXEVWDQFH
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
SURGXFHG PDLQO\ E\ WKH VWRPDFK ZKLFK LV DEOH WR
JLYH D VLJQDO RI IRRG VXSSO\ WUDQVLWLQJ WR WKH
K\SRWKDODPLF FHQWUHV LWV KLJKHU OHYHOV DUH IRXQG
LQ DQRUH[LF VXEMHFWV DQG IRU WKLV UHDVRQ LW LV
FDOOHG RUH[LF KRUPRQH *KUHOLQ LV LQKLELWHG E\
ZHLJKW H[FHVV DW DQ LQYHUVHO\ SURSRUWLRQDO H[WHQW
ZLWK UHVSHFW WR %RG\ 0DVV ,QGH[ %0, 2QH RI
WKH SUHYLRXV VWXGLHV KDV GHPRQVWUDWHG WKDW
&KLQHVH GLHW WKHUDS\ LV DEOH WR UHVWRUH WKH QRUPDO
IRRG WUDQVLW LQ REHVH SHRSOH 
$LP RI WKH 6WXG\
7KLV VWXG\ LQYHVWLJDWHV WKH IXQFWLRQ RI D K\SR
FDORULF &KLQHVH WUDGLWLRQDO GLHW ZLWK DQG ZLWKRXW
DXULFXODU DFXSXQFWXUH RQ ERG\ ZHLJKW %0,
ZDLVW JLUWK :* FRQWURO RI KXQJHU LQ REHVH
SDWLHQWV 0RUHRYHU WKLV VWXG\ LV GHVLJQHG WR
LQYHVWLJDWH WKH EHKDYLRXU RI VRPH F\WRNLQHV VXFK
DV OHSWLQ DQG 71)Į LQYROYHG LQ WKH UHJXODWLRQ RI
DSSHWLWH DQG PHWDEROLVP RI IDW WLVVXH DV ZHOO DV




,Q WKLV VHULHV  VXEMHFWV ZHUH UDQGRPL]HG LQ
WZR JURXSV LQ D SHULRG IURP $SULO   WR 0D\
 
,Q JURXS $ LQLWLDOO\ FRPSRVHG RI  VXEMHFWV 
VWDUWHG WKH GLHW DYHUDJH DJH  \HDUV
DYHUDJH ERG\ ZHLJKW  NJ DYHUDJH
%0,  DYHUDJH :*  FP
2I WKHP  VXEMHFWV FRPSOHWHG WKH WULDO
LQFOXGLQJ  PDOHV DQG  IHPDOHV ZLWK DYHUDJH
DJH RI  \HDUV DYHUDJH ERG\ ZHLJKW RI
 NJ DYHUDJH %0, RI 
DYHUDJH :* RI  FP 7KHVH 
VXEMHFWV RI JURXS $ KDYH EHHQ VWXGLHG LQ WKHLU
EDVLF FRQGLWLRQ 7 DQG  ZHHNV DIWHU WUHDWPHQW
7 ZLWK D VWDQGDUG WUDGLWLRQDO &KLQHVH GLHW RI
DERXW  FDORULHV VHH 7DEOH D GHILQHG ZLWK
IL[HG SHUFHQWDJHV RI QXWULHQWV LQ WHUPV RI SURWHLQV
 FDUERK\GUDWHV  DQG IDWV

,Q JURXS % LQLWLDOO\ FRPSRVHG RI  VXEMHFWV DOO
VWDUWHG WKH GLHW DYHUDJH DJH  \HDUV
DYHUDJH ERG\ ZHLJKW  NJ DYHUDJH
%0,  DYHUDJH :*  FP
 VXEMHFWV RI WKHP FRPSOHWHG WKH WULDO LQFOXGLQJ
 PDOHV DQG  IHPDOHV ZLWK DYHUDJH DJH RI
 \HDUV DYHUDJH ERG\ ZHLJKW RI
 NJ DYHUDJH %0, RI  DYHUDJH
:* RI  FP 7KHVH  VXEMHFWV RI
JURXS % KDYH EHHQ VWXGLHG LQ WKHLU EDVLF FRQGLWLRQ
7 DQG  ZHHNV DIWHU WUHDWPHQW 7 ZLWK D
VWDQGDUG K\SRFDORULF ZHVWHUQ GLHW RI DERXW 
FDORULHV VHH 7DEOH E WKH SHUFHQWDJHV RI
QXWULHQWV FRPSDUDEOH ZLWK JURXS $ LQ WHUPV RI
SURWHLQV  FDUERK\GUDWHV  DQG IDWV

7KH HYDOXDWLRQ DVFHUWDLQHG RYHUODSSLQJ RI WKH
SHUFHQWDJHV RI PDFURQXWULHQWV LQ WKH WZR GLHWV
VWDQGDUG WUDGLWLRQDO &KLQHVH GLHW DQG VWDQGDUG
K\SRFDORULF ZHVWHUQ GLHW
,Q JURXS $ WKH VXEJURXS $ Q  ZDV DOVR
WUHDWHG ZLWK DXULFXODU DFXSXQFWXUH DQG WKH
VXEJURXS $ Q  ZDV WUHDWHG ZLWK VKDP
DXULFXODU DFXSXQFWXUH
%HVLGH WKH YDULDWLRQ RI ZHLJKW %0, DQG :* WKLV
VWXG\ YHULILHG DOVR WKH GLHWDU\ EHKDYLRXU EHIRUH
DQG DIWHU WKH  ZHHNV RI GLHW WUHDWPHQW E\ XVLQJ
WKH TXHVWLRQQDLUH IRU KXQJHU PHDVXUHPHQW VHH
(QFO 
$V IRU KDHPDWRFKHPLFDO SDUDPHWHUV EORRG
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
VDPSOHV ZHUH WDNHQ LQ WKH PRUQLQJ RQ DQ HPSW\
VWRPDFK WR UHFRUG WKH FRQWHQWV RI OHSWLQ 71)Į DQG
JKUHOLQ WKH GD\ EHIRUH 7 DQG WKH GD\ 7 DW WKH
HQG RI WKH VWDQGDUGL]HG GLHW WUHDWPHQW
([FOXVLRQ &ULWHULD
7KH SDWLHQWV ZLWK FDUGLRYDVFXODU DQGRU PHWDEROLF
GLVHDVHV GLDEHWHV K\SHUFKROH VWHUROHPLD K\SHU
WHQVLRQ DV ZHOO DV WKH VXEMHFWV ZLWK QRUPDO
JO\FHPLD QRUPDO FKROHVWHUROHPLD DQG QRUPDO
EORRG SUHVVXUH LQGXFHG E\ SKDUPDFRORJLFDO
FRQWURO ZHUH H[FOXGHG
5DQGRPL]DWLRQ
5DQGRPL]DWLRQ ZDV PDGH E\ ZD\ RI FDVXDO
QXPEHUV JHQHUDWHG E\ WKH ³FDVXDO´ IXQFWLRQ RI WKH
([FHO SURJUDP LW ZDV DSSOLHG WR FRPSRVH WKH WZR
JURXSV $ DQG % DV ZHOO DV WR GLYLGH WKH VXEMHFWV
RI JURXS $ LQWR VXEJURXS$ DQG VXEJURXS $
3DUDPHWHUV 5HFRUGHG DW 7 DQG 7 LQ *URXS $
DQG *URXS %
%HVLGH DJH DQG VH[ WKH IROORZLQJ SDUDPHWHUV
ZHUH UHFRUGHG IRU WKH VXEMHFWV DW 7 LH EHIRUH WKH
GLHW WUHDWPHQW DQG DW 7 LH DW WKH HQG RI D 
ZHHN GLHW WUHDWPHQW %0, ZHLJKW :* GLHWDU\
EHKDYLRXU OHSWLQ JKUHOLQ DQG 71)Į
7UHDWPHQW ZLWK$XULFXODU$FXSXQFWXUH
$OO WKH VXEMHFWV RI VXEJURXS $ UHFHLYHG
DFXSXQFWXUH WUHDWPHQW DW WKH IROORZLQJ PDLQ
DXULFXODU DFXSRLQWV +XQJHU 6KHQPHQ /LYHU
.LGQH\ /XQJ 6WRPDFK DQG 0RXWK
0RUHRYHU WKH DX[LOLDU\ DXULFXODU DFXSRLQWV ZHUH
VHOHFWHG DFFRUGLQJ WR WKH W\SH RI REHVLW\ 7HVWLFOHV
6SOHHQ +LS -RLQW 3LWXLWDU\ DQG (QGRFULQH IRU
J\QRLG REHVLW\ $GUHQDO (QGRFULQH &KHVW
2YDULHV IRU DQGURLG REHVLW\ DQG $EGRPHQ DQG
6SOHHQ 6\PSDWKHWLF DQG 6DQMLDR IRU WKH PL[HG
W\SH RI REHVLW\
3URFHGXUH
7KH VWHULOH VLQJOHXVH HPEHGGLQJ QHHGOHV IRU
DXULFXODU DFXSXQFWXUH OHQJWK RI WKH QHHGOH  PP
ULQJKDQGOH   PP ZHUH DSSOLHG DQG IL[HG
ZLWK DGKHVLYH SODVWHU
$W HDFK VHVVLRQ WKH QHHGOHV ZHUH LQVHUWHG RQ RQH
DXULFOH DQG WKH QH[W WLPH UHPRYHG ZKLOH QHZ
QHHGOHV ZHUH LQVHUWHG RQ WKH RWKHU DXULFOH 7KH
DXULFXODU DFXSXQFWXUH ZDV JLYHQ  WLPHV D ZHHN
IRU WKH  ZHHNV RI WUHDWPHQW DQG WKH VXEMHFWV
ZHUH LQVWUXFWHG WR PDVVDJH HDFK DXULFXODU SRLQW
IRU  PLQXWH  WLPHV D GD\ DQG DW DQ\WLPH WKH\
IHOW KXQJU\
$OO WKH VXEMHFWV RI VXEJURXS $ UHFHLYHG WKH VKDP
DXULFXODU DFXSXQFWXUH WUHDWPHQW DW WKH VKDP
SRLQWV QRW WKH WHQGHU DQG DXULFXODU SRLQWV
ORFDWHG DW D GLVWDQFH RI  PP IURP WKH UHDO PDLQ
DXULFXODU DFXSRLQWV RI +XQJHU 6KHQPHQ /LYHU
.LGQH\ /XQJ 6WRPDFK DQG 0RXWK 0RUHRYHU
WKH WUHDWPHQW ZDV DOVR JLYHQ DW WKH VKDP DX[LOLDU\
DXULFXODU DFXSRLQWV ORFDWHG DW D GLVWDQFH RI  PP
IURP WKH IROORZLQJ UHDO DXULFXODU DFXSRLQWV
7HVWLFOHV 6SOHHQ +LS -RLQW 3LWXLWDU\ DQG
(QGRFULQH IRU J\QRLG REHVLW\ $GUHQDO (QGRFULQH
&KHVW DQG 2YDULHV IRU DQGURLG REHVLW\ DQG
$EGRPHQ 6SOHHQ 6\PSDWKHWLF DQG 6DQMLDR IRU
WKH PL[HG REHVLW\ 7KH SURFHGXUH ZDV WKH VDPH DV
WKDW RI WKH UHDO DXULFXODU DFXSXQFWXUH
7UDGLWLRQDO &KLQHVH 'LHW
7KH VWDQGDUG WUDGLWLRQDO &KLQHVH GLHW VHH 7DEOH
D GHILQHG E\ XV LV D GLHW LQ ZKLFK EUHDNIDVW LV
QRW DW DOO W\SLFDO RI WKH GLHW SULQFLSOHV RI WKH
&KLQHVH WUDGLWLRQ EXW WKH WHUP LV DSSURSULDWH
EHFDXVH WKH FRUH RI WKH GLHW FRQVLVWV RI OXQFK DQG
VXSSHU ZLWK WKH DFWXDO FRPSRQHQWV RI WUDGLWLRQDO
&KLQHVH GLHWHWLFV
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    























:KROH PLON JU  
.FDO 
 FXS RI XQVZHHWHQHG FRIIHH 
 VOLFHV RI ZKLWH VOLFHG ORDI JU  
5RELROD PLOG VRIW FKHHVH JU  



















%ODFN DQG ZKLWH EHDQV JU 
6KDOORW JU 
%XFNZKHDW JU 
%ODFN VHVDPH JU 
6NLP PLON JU 
%DUOH\ VSURXWV JU 
&KLQHVH MXMXEH JU 
&RUQ JU 
2DW JU 
/RWXV VHHGV JU 
/HQWLQXV HGRGHV PXVKURRP JU 
$OPRQGV JU 
.HOS VHDZHHG JU 
*LQJHU JU 
)LVK JU 
)LVK RLO JU 
6KDOORW IODYRXU JU 
)HQQHOV JU  

RU FKLFRU\ JU  
RU ]XFFKLQL JU  
RU FKDUG JU  
RU )UHQFK EHDQV JU  
RU WRPDWRHV JU  
RU PXVKURRPV JU  
RU VSLQDFK JU  
2OLYH RLO   WHD VSRRQ JU   
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6NLP PLON JU 
%DUOH\ VSURXWV JU 
&KLQHVH MXMXEH JU 
&RUQ JU 
2DW JU 
/RWXV VHHGV JU 
/HQWLQXV HGRGHV PXVKURRP JU 
$OPRQGV JU 
.HOS VHDZHHG JU 
*LQJHU JU 
)LVK JU 
)LVK RLO JU 
6KDOORW IODYRXU JU 
)HQQHOV JU  

RU FKLFRU\ JU  
RU ]XFFKLQL JU  
RU FKDUG JU  
RU )UHQFK EHDQV JU  
RU WRPDWRHV JU  
RU PXVKURRPV JU  
RU VSLQDFK JU  
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VW 3DUWLDOO\ VNLPPHG PLON JU   FXS RI XQVZHHWHQHG FRIIHH 
 VOLFHV RI ZKLWH VOLFHG ORDI JU  
&RZ¶V ³ULFRWWD´ JU  












































/HDQ YHDO RI EHHI JU 

RU FKLFNHQ RU WXUNH\ VNLQQHG EUHDVW JU 
RU OHDQ SLJ RU UDEELW JU 
RU HJJV JU 
RU OHDQ IUHVK ILVK JU 
RU GUDLQHG WXQD LQ RLO JU 
RU FRRNHG RU UDZ KDP RU ³EUHVDROD´ VDOWHG GULHG EHHI RU VSHFN
VPRNHG KDP JU 
RU OLJKW FKHHVH ³FDFLRWWLQD´ ³-RFFD´ ³)LRU GL ODWWH´ ³3KLODGHOSKLD
/LJKW´ HWF JU 

























)HQQHOV JU  

RU FKLFRU\ JU  
RU ]XFFKLQL JU  
RU FKDUG JU  
RU )UHQFK EHDQV JU  
RU WRPDWRHV JU  
RU PXVKURRPV JU  










6WUDZEHUULHV JU  

RU RUDQJH JU  
RU DSSOH JU  
RU SHDU JU  
RU FOHPHQWLQHV JU  















































/HDQ YHDO RI EHHI JU 

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RU OHDQ IUHVK ILVK JU 
RU GUDLQHG WXQD LQ RLO JU 
RU FRRNHG RU UDZ KDP RU ³EUHVDROD´ VDOWHG GULHG EHHI RU VSHFN
VPRONHG KDP
JU 
RU OLJKW FKHHVH³FDFLRWWLQD´ ³-RFFD´ ³)LRU GL ODWWH´ ³3KLODGHOSKLD
/LJKW´ HWF
JU 

























)HQQHOV JU  
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RU FKLFRU\ JU  
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6WUDZEHUULHV JU  

RU RUDQJH JU  
RU DSSOH JU  
RU SHDU JU  
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-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
(YDOXDWLRQ RI WKH 6WXG\ E\ WKH (WKLF &RPPLWWHH
ZLWK WKH ,QIRUPHG&RQVHQW IURP WKH 6XEMHFWV
(QUROOHG
7KH (WKLF &RPPLWWHH RI WKH ³,QWHUXQLYHUVLW\
&RPPLVVLRQ IRU 5HVHDUFK LQ $FXSXQFWXUH´ DQ
DFDGHPLF RUJDQLVP HVWDEOLVKHG LQ  ZKLFK
FDUULHV RXW PXOWLGLVFLSOLQDU\ UHVHDUFK DFWLYLW\ LQ
DFXSXQFWXUH DQG WUDGLWLRQDO &KLQHVH PHGLFLQH KDV
DSSURYHG WKH VWXG\ DIWHU KDYLQJ UHTXHVWHG DQG
HYDOXDWHG WKH VSHFLILF DQDO\WLF FRQWUROV RQ &KLQHVH
IRRG SURGXFWV
$OO WKH VXEMHFWV DJUHHG WR SDUWLFLSDWH LQ WKH VWXG\
ZLWK D IRUP RI LQIRUPHG ZULWWHQ FRQVHQW GUDIWHG E\
WKH (WKLF &RPPLWWHH
6WDWLVWLFDO$QDO\VLV
7KH VWDWLVWLFDO SURFHVVLQJ ZDV FDUULHG RXW ZLWK WKH
6SVV DQG ([FHO VRIWZDUH E\ DGRSWLQJ WKH
6WXGHQW¶V 7 GLVWULEXWLRQ IRU WKH FRXSOHG GDWD DQG
XQFRXSOHG GDWD
5(68/76
7KH VXEMHFWV RI WKH WZR JURXSV ZHUH FRPSDUDEOH
LQ DJH DQG VH[ %0, ERG\ ZHLJKW DQG :*
7KH 5HVXOWV LQ %0, :HLJKW DQG:*
,Q JURXS $ IURP 7 WR 7 %0, ORZHUHG IURP
r WR r WKH ERG\ ZHLJKW IURP
r NJ WR r NJ DQG WKH :*
IURP r FP WR r FP
,Q JURXS % IURP 7 WR 7 %0, ORZHUHG IURP
r WR r WKH ERG\ ZHLJKW IURP
r NJ WR r NJ DQG WKH :*
IURP r FP WR r FP
,Q JURXS $ VWDQGDUG K\SRFDORULF WUDGLWLRQDO
&KLQHVH GLHW WKH DYHUDJH GLIIHUHQFH LQ ERG\
ZHLJKW 77 ZDV r NJ %0, r
DQG :* r FP
,Q JURXS % VWDQGDUG K\SRFDORULF ZHVWHUQ GLHW
WKH DYHUDJH GLIIHUHQFH LQ ERG\ ZHLJKW 77 ZDV
rNJ %0, r DQG :* r
FP
$V VKRZQ LQ 7DEOH  WKH LQWHUJURXS FRPSDULVRQ
RI WKH WZR NLQGV RI GLHW DGPLQLVWUDWLRQ EHWZHHQ
WKH DYHUDJH GLIIHUHQFHV LQ ERG\ ZHLJKW 77
%0, 77 DQG :* 77 ZDV VWDWLVWLFDOO\
VLJQLILFDQW LQ IDYRXU RI WKH VWDQGDUG WUDGLWLRQDO
&KLQHVH GLHW
7DEOH 
*URXS $ *URXS %
$YHUDJH GLIIHUHQFH LQ ERG\ ZHLJKW 77  r  NJ  r  NJ 3
$YHUDJH GLIIHUHQFH LQ %0, 77  r   r  3
$YHUDJH GLIIHUHQFH LQ :* 77  r  FP  r  FP 3
7KH 5HVXOWV LQ /HSWLQ 71)D DQG *KUHOLQ
,Q JURXS $ OHSWLQ DW 7 ZDV r QJPO DQG
DW 7 r QJPO 71)D DW 7 ZDV
r SJPO DQG DW 7 r SJPO DQG
JKUHOLQ DW 7 ZDV r SJPO DQG DW 7
r SJPO
,Q JURXS % OHSWLQ DW 7 ZDV r QJPO DQG
DW 7 r QJPO 71)D DW 7 ZDV
r SJPO DQG DW 7 r SJPO DQG
JKUHOLQ DW 7 ZDV r SJPO DQG DW 7
r SJPO
5DWLQJ RI WKH YDULDWLRQV EHWZHHQ 7 DQG 7 VKRZV
WKDW LQ JURXS $ WKH DYHUDJH GLIIHUHQFH LQ OHSWLQ
ZDV  QJPO WKH DYHUDJH GLIIHUHQFH LQ
71)D ZDV r SJPO DQG WKH DYHUDJH
GLIIHUHQFH LQ JKUHOLQ ZDV r SJPO
:KLOH LQ JURXS % WKH DYHUDJH GLIIHUHQFH LQ OHSWLQ
ZDV r QJPO WKH DYHUDJH GLIIHUHQFH LQ
71)D ZDV r SJPO DQG WKH DYHUDJH
GLIIHUHQFH LQ JKUHOLQ ZDV r SJPO
$V VKRZQ LQ 7DEOH  WKH LQWHUJURXS FRPSDULVRQ
RI WKH DYHUDJH GLIIHUHQFH LQ OHSWLQ 77 EHWZHHQ
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
WKH WZR NLQGV RI GLHW LV VWDWLVWLFDOO\ VLJQLILFDQW LQ
IDYRXU RI WKH VWDQGDUG WUDGLWLRQDO &KLQHVH GLHW
7DEOH 
*URXS $ *URXS %
$YHUDJH GLIIHUHQFH LQ OHSWLQ r QJPO r QJPO 3
$YHUDJH GLIIHUHQFH LQ 71)D r SJPO r SJPO QRW VLJQLILFDQW
$YHUDJH GLIIHUHQFH LQ JKUHOLQ r SJPO r SJPO QRW VLJQLILFDQW
6FRUH IRU +XQJHU 0HDVXUHPHQW VHH (QFO 
7KH VFRUH LQ JURXS $ ORZHUHG IURP  DW
7 WR  DW 7 ZKLOH LQ JURXS % IURP
 DW 7 WR  DW 7 7KH YDULDWLRQV
EHWZHHQ 7 DQG 7 DUH VWDWLVWLFDOO\ VLJQLILFDQW
3
7KH LPSURYHG VFRUH DVVHVVLQJ WKH VHQVDWLRQ RI
KXQJHU DSSHDUV WR EH GHILQLWHO\ SURPLQHQW LQ
VXEJURXS $ LQ FRPSDULVRQ ZLWK VXEJURXS $
YDOLGDWLQJ WKH HIIHFWLYHQHVV RI DXULFXODU DFX
SXQFWXUH RQ WKH DSSHWLWH RI REHVH SHRSOH
DOWKRXJK WKH QXPHULFDO VDPSOH RI VXEMHFWV LV QRW
XVDEOH IRU VWDWLVWLFDO VXUYH\
(QFO 4XHVWLRQQDLUH IRU KXQJHU PHDVXUHPHQW 6FRUH
'R \RX WKLQN \RXU KXQJHU LV LQFUHDVHG 
'R \RX WKLQN \RXU KXQJHU LV YHU\ LQFUHDVHG 
'R \RX WKLQN \RXU KXQJHU LV YHU\ LQFUHDVHG DQG \RX DUH KXQJU\ HYHQ  KRXUV DIWHU PHDOV 
<RX DUH LQVDWLDEOH KXQJU\ ULJKW DIWHU PHDOV RU GXULQJ WKH QLJKW 
<RX DUH LQVDWLDEOH KXQJU\ ULJKW DIWHU PHDOV DQG GXULQJ WKH QLJKW 
',6&866,21
2EHVLW\ LV WKH PDMRU ULVN IDFWRU IRU LQVXOLQUHVLVWDQFH
W\SH ,, GLDEHWHV KHDUW GLVHDVHV RUWKRSHGLF SUREOHPV
DQG PDQ\ RWKHU FKURQLF GLVHDVHV 2Q WKH RWKHU KDQG
WKH LQFLGHQFH RI REHVLW\ KDV FRQVLGHUDEO\ LQFUHDVHG
WR WKH H[WHQW WKDW LW KDV WDNHQ DQ HSLGHPLF FKDUDFWHU LQ
WKH :HVWHUQ ZRUOG ,Q SDUWLFXODU LW LV D VKDUHG RSLQLRQ
WKDW WKH DFFXPXODWLRQ RI IDW LQ WKH DEGRPLQDO DUHD
UHSUHVHQWV WKH PDLQ ULVN IDFWRU RI FDUGLRYDVFXODU DQG
PHWDEROLF GLVHDVHV
(WLRORJ\ RI REHVLW\ LV PXOWLIDFWRULDO VLQFH LW LV
LQIOXHQFHG E\ JHQHWLF HQYLURQPHQWDO VRFLR
HFRQRPLFDO EHKDYLRXUDO DQGRU SV\FKRORJLFDO
IDFWRUV GHWHUPLQLQJ D UHODWLYH LQFUHDVH RI PRUELGLW\
DQG PRUWDOLW\ RI SRSXODWLRQ
2EHVLW\ LV WKH XOWLPDWH FRQVHTXHQFH RI D FKURQLF
SRVLWLYH HQHUJHWLF EDODQFH ZKLFK LV UHJXODWHG E\ D
FRPSOH[ QHWZRUN RI VLJQDOV WKDW FRQQHFWV WKH
HQGRFULQH V\VWHP ZLWK WKH FHQWUDO QHUYRXV V\VWHP
)DW WLVVXH LV DW SUHVHQW FRQVLGHUHG WR EH GXH WR DQ
DFWLYH HQGRFULQH RUJDQ ZLWK D KLJK PHWDEROLF
DFWLYLW\ 7KH DGLSRF\WHV SURGXFH DQG VHFUHWH
QXPHURXV SURWHLQV WKDW IXQFWLRQ DV UHDO KRUPRQHV
UHVSRQVLEOH IRU WKH UHJXODWLRQ RI HQHUJHWLF LQWDNH
DQG ZDVWH WKH WXPRXU QHFURVLV IDFWRU 71)Į
OHSWLQ LQWHUOHXNLQ ,/ LQWHUOHXNLQH ,/ WKH
DJRXWL SURWHLQ WKH DQJLRWHQVLQRJHQ DQG LQKLELWRU
RI WKH SODVPLQRJHQ DFWLYDWRU WKH 7*)ȕ
DGLSRQHFWLQ PHWDOORWLRQLQ DQG UHVLVWLQ 
7KH IDPLO\ RI DGLSRNLQHV LV FRQWLQXRXVO\ H[SDQGLQJ
DQG LW LQFOXGHV DOVR ,1)Ȗ /,) /HXNHPLD ,QKLELWLQJ
)DFWRU DQG FKHPRNLQHV VXFK DV WKH 0&3
0RQRFLWDU\ &KHPLRWDFWLF 3URWHLQ DQG 0,3
0DFURSKDJLF ,QIODPPDWRU\ 3URWHLQ 6XFK D
JURZLQJ OLVW RI WKH VLJQDOSURWHLQV DQG RI WKH IDFWRUV
UHOHDVHG E\ DGLSRF\WHV VXJJHVWV WKDW WKH IDW WLVVXH
SOD\V D VLJQLILFDQW UROH LQ WKH PHWDEROLVP UHJXODWLRQ
DQG SK\VLRORJLF KRPHRVWDVLV EHLQJ WKHUHIRUH DEOH WR
KDYH D VLJQLILFDQW LQIOXHQFH RQ WKH HQHUJHWLF
FRQGLWLRQ DQG WKH LPPXQH UHDFWLYLW\ RI WKH ERG\
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
TXLWH EH\RQG WKH FRQFHSW RI D VLPSOH RUJDQ IRU WKH
VWRUDJH RI WKH ERG\ IDW (DFK RI WKH DERYH SURWHLQV
FROOHFWLYHO\ FDOOHG DGLSRNLQHV WDNHV DFWLYH SDUW LQ
WKH LQIODPPDWRU\ DQG DWKHURVFOHURWLF SURFHVVHV DQG
PRUHRYHU WKH JURZLQJ HYLGHQFH FRQILUPV WKDW
REHVLW\ IDYRXUV WKH RQVHW RI D SURLQIODPPDWRU\
VWDWH  
,Q SDUWLFXODU 71)Į LV D ZHOO VWXGLHG F\WRNLQH
ZKLFK KDV D IURQWUDQNLQJ UROH LQ WKH GHIHQFH RI WKH
KRVW IURP LQIHFWLRQV DQG LQ WKH GHYHORSPHQW RI WKH
7K DQVZHU LQYROYHG LQ WKH SDWKRJHQHVLV RI
DXWRLPPXQH GLVHDVHV VXFK DV WKH PXOWLSOH VFOHURVLV
UKHXPDWRLG DUWKULWLV DQG W\SH , GLDEHWHV ,W LV
VHFUHWHG E\ WKH DFWLYDWHG PDFURSKDJHV DQG E\
DGLSRF\WHV 7KH 71)Į SURGXFHG E\ DGLSRF\WHV LV
DEOH WR DOWHU DW D ORFDO OHYHO WKH DGLSRJHQHWLF
SURJUDPV RI VXFK FHOOV WKURXJK D VHOHFWLYH DFWLYDWLRQ
RI WKH 71)5 0RUHRYHU LW LQFUHDVHV OLSRO\VLV DQG
SURPRWHV WKH DSRSWRVLV RI DGLSRF\WHV FDFKHFWLQ $
VSHFLILF UROH RI 71)Į LQ WKH LQVXOLQ UHVLVWDQFH
DVVRFLDWHG WR REHVLW\ LV VXJJHVWHG E\ WKH HYLGHQFH
WKDW SDWLHQWV ZLWK LQVXOLQ UHVLVWDQFH SUHVHQW
LQFUHDVHG OHYHOV RI 71)Į DQG DOVR E\ WKH
REVHUYDWLRQ WKDW PLFH ZLWK D GHILFLHQF\ RI 71)Į
DUH SURWHFWHG E\ WKH REHVLW\ LQGXFHG E\ LQVXOLQ
UHVLVWDQFH
/HSWLQ IURP WKH JUHHN WHUP ³OHSWRV´ WKDW PHDQV
VXEWOH GLVFRYHUHG LQ JHQHWLFDOO\ REHVH PLFH RERE
LQ  LV D SHSWLGLF KRUPRQH SURGXFHG E\
DGLSRF\WHV EXW LQ VPDOOHU TXDQWLWLHV LV UHOHDVHG DOVR
E\ WKH FHOOV RI WKH JDVWURLQWHVWLQDO DSSDUDWXV E\ WKH
SODFHQWD E\ WKH PDPPDU\ JODQG E\ WKH RYDULDQ
IROOLFOHV DQG IRHWDO RUJDQV KHDUW ERQH RU FDUWLODJH
EUDLQ   1HYHUWKHOHVV WKH ZKLWH IDW WLVVXH LV WKH
VLWH RI KLJKHU SURGXFWLRQ DQG WKH PDLQ GHWHUPLQDQW RI
WKH OHYHOV RI FLUFXODWLQJ OHSWLQ /HSWLQ LV RQH RI WKH
PRVW SRZHUIXO DQRUH[LJHQLF IDFWRUV DEOH WR DFW RQ WKH
EUDLQIDW WLVVXH D[LV ,W LQKLELWV DSSHWLWH DQG LPSURYHV
WKH DFWLYLW\ RI WKH V\PSDWKHWLF QHUYRXV V\VWHP
OHDGLQJ WR D UHGXFWLRQ RI WKH ERG\ ZHLJKW 7KH
DQRUH[LJHQLF HIIHFWV RI OHSWLQ DUH PDLQO\ PHGLDWHG E\
13< DQG 320& SURGXFHG E\ WKH QHXURQV RI WKH
K\SRWKDODPLF QXFOHXV DUFXDWXV 7KH ORVV RI WKH
VLJQDOV PHGLDWHG E\ OHSWLQ PD\ FDXVH D VHYHUH IRUP
RI REHVLW\ LQ PDQ
,WV UHFHSWRU LV FRGLILHG E\ D JHQH ORFDWHG LQ WKH S
FKURPRVRPH DQG LW H[LVWV LQ WZR LVRIRUPV ZKLFK
GLIIHU LQ OHQJWK 7KH ORQJHU IRUP RI WKH UHFHSWRU LV
ORFDWHG PDLQO\ LQ WKH K\SRWKDODPLF UHJLRQV VXFK DV
WKH QXFOHXV DUFXDWXV DQG WKH SDUDYHQWULFXODU QXFOHXV
DQG VXFK DQ LVRIRUP VKRZV D PRUH SURORQJHG
LQWUDFHOOXODU GRPLQLRQ IXQGDPHQWDO LQ LWV DFWLRQ RQ
DSSHWLWH
7KH H[LVWHQFH RI GLVWLQFW IRUPV RI WKH UHFHSWRU
DSSHDUV WR LQIOXHQFH WKH WUDQVSRUW RI OHSWLQ WKURXJK
WKH FHOOXODU PHPEUDQHV DV ZHOO DV WKURXJK WKH
KDHPDWRHQFHSKDOLF EDUULHU $W K\SRWKDODPLF OHYHO
OHSWLQ LQKLELWV WKH H[SUHVVLRQ RI WKH 13< JHQH DQG
OHDGV WR LQKLELWLQJ WKH LQWDNH RI IRRG UHGXFLQJ
WKHUPRJHQHVLV DQG LQFUHDVLQJ WKH SODVPDWLF OHYHOV
RI LQVXOLQ DQG FRUWLFRVWHURLGV ,Q IDFW WKH LQMHFWLRQ
RI 13< LQ WKH FHUHEUDO YHQWULFXOL RU GLUHFWO\ LQWR WKH
K\SRWKDODPXV RI PLFH VWURQJO\ VWLPXODWHV WKH IRRG
LQWDNH 2Q WKH FRQWUDU\ WKH JHQHWLF NQRFNRXW RI
13< UHGXFHV WKH K\SHUSKDJLD DQG REHVLW\ RI RERE
PLFH LQGLFDWLQJ WKDW WKH IXOO DQVZHU WR OHSWLQ
UHTXLUHV WKH 13<PHGLDWHG VLJQDOV
/HSWLQ LV D W\SLFDO DGLSRN\QH SURGXFHG LQ SURSRUWLRQ
WR WKH DPRXQW RI WKH ERG\¶V IDW LQ IDFW LWV OHYHOV DUH
UHODWHG WR %0, HVSHFLDOO\ WKH IDW PDVV
,WV PDLQ UROH LV WR HYDOXDWH WKH WRWDO TXDQWLW\ RI WKH
ERG\¶V IDW ZKLFK LQGLUHFWO\ UHIOHFWV WKH IRRG
DYDLODELOLW\ LQ RUGHU WR VWRS WKH IRRG LQWDNH DQG
LQFUHDVH WKH EDVDO PHWDEROLVP
,Q D FRQGLWLRQ RI ODFN RI IRRG ZLWK FRQVHTXHQW
UHGXFWLRQ RI WKH ERG\¶V IDW PDVV ORZHU OHYHOV RI
OHSWLQ PD\ OHDG WR D UHGXFHG PHWDEROLF ZDVWH WR
SUHVHUYH WKH HQHUJ\ QHFHVVDU\ WR VXSSRUW WKH
IXQFWLRQV RI YLWDO RUJDQV VXFK DV WKH KHDUW NLGQH\
DQG EUDLQ RQ WKH RWKHU KDQG WKH ILQGLQJ RI KLJK
OHYHOV RI OHSWLQ LQ REHVH VXEMHFWV KDV EHHQ
LQWHUSUHWHG DV WKH UHVXOW RI D UHODWLYH OHSWLQ UHVLVWDQFH
DW WKH OHYHO RI WKH FHQWUDO QHUYRXV V\VWHP $OWKRXJK
WKH HIIHFWV RI OHSWLQ FDQ IDYRXU VXUYLYDO LQ DGYHUVH
FRQGLWLRQV VXFK DV IDVW LW LQGXFHV LPPXQH
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
VXSSUHVVLRQ DQG GDPDJHV IHUWLOLW\ EHFDXVH LW
VXVSHQGV WKH SURFHVV RI XWLOL]DWLRQ RI HQHUJHWLF
VRXUFHV
$XWKRU¶V VWXG\ SRLQWV RXW D UHGXFWLRQ RI OHSWLQ LQ
JURXSV $ DQG % LQ SDUDOOHO ZLWK WKH UHGXFWLRQ RI %0,
FRQILUPLQJ D WUHQG QRZ ZHOO NQRZQ LQ GLHWHWLFV
,Q SDUWLFXODU WKLV VWXG\ VKRZV WKDW OHSWLQ LV PRUH
PDUNHGO\ UHGXFHG LQ JURXS $ WUHDWHG ZLWK WKH
WUDGLWLRQDO &KLQHVH GLHWRWKHUDS\ LQ FRPSDULVRQ ZLWK
JURXS % WUHDWHG ZLWK D VWDQGDUG FRQYHQWLRQDO GLHW
$V FRQFHUQV JKUHOLQ GDWD WKRXJK EHLQJ VWDWLVWLFDOO\
QRQUHOHYDQW VKRZ D EHWWHU UHFRYHU\ RI WKH JKUHOLQ
VHFUHWLRQ LQ WKH VXEMHFWV WUHDWHG ZLWK VWDQGDUG
&KLQHVH GLHW FRQWULEXWLQJ DV ZHOO WR WKH SUREDEOH
UHVWRUDWLRQ RI D QRUPDO JDVWULF WUDQVLW HYHQ LI VXFK
SDUDPHWHU ZDV QRW DVVHVVHG LQ WKLV VWXG\
)LQDOO\ WKH DQDO\VLV RI WKH EHKDYLRXU RI DSSHWLWH
SHUFHSWLRQ HYDOXDWHG ZLWK WKH TXHVWLRQQDLUH ILOOHG LQ
E\ WKH VXEMHFWV DOORZHG WR KLJKOLJKW D JHQHUDOL]HG
LPSURYHPHQW RI VXFK SDUDPHWHUV LQ SDUWLFXODU LQ WKH
VXEMHFWV WUHDWHG ZLWK WKH VWDQGDUG &KLQHVH GLHW
DVVRFLDWHG ZLWK DXULFXODU DFXSXQFWXUH
,Q VXPPDU\ WKH UHVXOWV RI WKLV VWXG\ GHPRQVWUDWH
WKDW WKRXJK WKH WZR GLHWV DUH QHDUO\ WKH VDPH LQ
WHUPV RI FDORULHV DQG FRPSDUDEOH IRU SHUFHQWDJHV RI
QXWULHQWV LQ WHUPV RI SURWHLQV FDUERK\GUDWHV DQG IDWV
WKH FRUUHVSRQGLQJ ORVV RI ERG\ ZHLJKW %0, :*
DQG OHSWLQ H[SUHVVHG DV GLIIHUHQFH RI YDOXHV 77
ZHUH PRUH PDUNHG DQG VWDWLVWLFDOO\ VLJQLILFDQW LQ
JURXS $ WUHDWHG ZLWK WKH VWDQGDUG K\SRFDORULF
WUDGLWLRQDO &KLQHVH GLHW
7KH DXWKRUV FRQFOXGH WKDW WKH XVH RI WKH WUDGLWLRQDO
&KLQHVH GLHW ZLWK WKH SUHVHQW H[DPLQDWLRQ UHVXOWV LV
HIIHFWLYH IRU ORVV RI ZHLJKW LQ RYHUZHLJKW SDWLHQWV
DQG WKDW VXFK SURWRFRO LV RI JUHDW LQWHUHVW VLQFH WKH
ZHLJKW ORVV UHVXOWV DUH VLJQLILFDQWO\ KLJKHU LQ
FRPSDULVRQ ZLWK WKH JURXS WUHDWHG ZLWK FRQYHQWLRQDO
GLHW 3 0RUHRYHU WKH JHQHUDO WUHQG RI DOO WKH
RWKHU SDUDPHWHUV LQFOXGLQJ WKH VFRUH RI WKH
TXHVWLRQQDLUH IRU KXQJHU PHDVXUHPHQW LV LQ IDYRXU
RI WKH JURXS WUHDWHG ZLWK WUDGLWLRQDO &KLQHVH GLHW
7KRXJK FRQVLGHULQJ WKH VPDOOQHVV RI WKH VDPSOH
HQUROOHG WKH ILQGLQJV VKRZ DQ HYLGHQW LPSURYHPHQW
LQ WKH VFRUH PHDVXULQJ WKH DSSHWLWH LQ VXEJURXS $
LQ FRPSDULVRQ ZLWK VXEJURXS $ YDOLGDWLQJ WKH
HIIHFWLYHQHVV RI DXULFXODU DFXSXQFWXUH RQ FRQWURO RI
WKH IHHOLQJ RI KXQJHU LQ REHVH SHRSOH
)LQDOO\ IXWXUH VWXG\ LV QHHGHG WR HYDOXDWH WKH HIIHFWV
RI WKH K\SRFDORULF WUDGLWLRQDO &KLQHVH GLHW RQ WKH
SV\FKRSK\VLFDO FRQGLWLRQ RI RYHUZHLJKW VXEMHFWV
WKURXJK DVVHVVPHQW RI WKH VWDWH RI DQ[LHW\ ZLWK
DSSURSULDWH WHVWV ,Q IDFW LQ WKH JURXS WUHDWHG ZLWK
WUDGLWLRQDO &KLQHVH GLHW WKH VXEMHFWV ORRNHG FDOP
DQG UHOD[HG DQG UHSRUWHG D EHWWHU SV\FKRSK\VLFDO
ZHOOEHLQJ
5()(5(1&(6
 'RQLQL /0 6DYLQD & 9DOHUL % &ROHWWL & 6HQWXWL 0
7DVVL / &DQQHOOD & $SSURFFLR 0XOWLGLVFLSOLQDUH DO
WUDWWDPHQWR GHOO¶REHVLWj ,VWLWXWR GL 6FLHQ]D
GHOO¶$OLPHQWD]LRQH 8QLYHUVLWj ³/D 6DSLHQ]D´ 5RPD 
&DVD GL &XUD ³9LOOD GHOOH 4XHUFH´ GL 1HPL 50 
 %URZQHO .' 0DUODWW *$ :ROIH %/ 7KH 3V\FKRORJ\ RI
/LIH 6W\OH &KDQJH ,Q 7KH OLIH VW\OH FRXQVHORU¶V JXLGH
IRU ZHLJKW FRQWURO $PHULFDQ +HDOWK 3XEOLVKLQJ
&RPSDQ\ '$ 
 3LQWR $ 3URYHQJDQR $ 3DFHOOD $ &DQQHOOD & 'DOOD
ILVLRORJLD GHOO¶REHVLWj DO UD]LRQDOH GHOOD GLHWRORJLD
,VWLWXWR GL 6FLHQ]D GHOO¶$OLPHQWD]LRQH 8QLYHUVLWj ³/D
6DSLHQ]D´ 5RPD &DVD GL FXUD ³9LOOD GHOOH 4XHUFH´ GL
1HPL 50 
 +D\ 3- %DFDOWFKXN - 3V\FKRWKHUDS\ IRU %XOLPLD
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